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PROCESS FOR PRODUCING ELECTRONIC
DEVICES

FIELD OF THE INVENTION

This 1nvention relates to a process for producing elec-
tronic devices from a semiconductor waler having active
regions for the electronic devices on its front side and
separation regions for separating the electronic devices, the
separation regions being patterned near the front side of the
semiconductor wafer.

BACKGROUND OF THE INVENTION

A number of methods exist 1n the prior art for producing
clectronic devices from a semiconductor wafer. For example
in DE 40 20 195, there 1s disclosed a process wherein
clectronic devices having active regions are formed on a
semiconductor wafer, and separation regions are provided
between the electronic devices for separating the latter. By
forming a saw line, the separation regions are patterned. The
clectronic devices also include a depression and are sepa-
rated by sawing along the saw lines.

Such a process 1s also disclosed mm DE 43 17 721. There,
the separation regions between the electronic devices are
patterned by etching. This process uses an SOI (silicon-on-
insulator) substrate. The electronic devices are separated by
ctching away the insulator layer.

After the electronic devices have been separated from the
semiconductor wafer, they must be brought into contact with
external arrangements, such as lead frames and/or printed
circuit boards. The necessary contact pads are located on the
surface of the electronic devices. The electronic devices are
connected to the external arrangement by bonding tech-
niques or by a flip-chip technology. Both methods are
complicated and costly and involve various disadvantages.
For instance, high mechanical stresses are induced in the
clectronic devices. The electronic devices must have a
minimum height in order to withstand the mechanical loads
during the mounting or bonding operations. Separate bond-
ing pads must be provided for making contact to the elec-
tronic devices. Only a few materials are suitable for such
pads. Further, flip-chip technology has the disadvantage that
the electronic devices are not always suitable for use as
sensors, since their surface 1s difficult to access for signal
extraction. Problems are also encountered in processing the
individual electronic devices after the separation step.

In U.S. Pat. No. 3,639,811 1ssued to Schroeder on Feb. 1,
1972, entitled “Semiconductor with Bonded Electrical
Contact”, a method for separation 1s disclosed wherein a
sawing process 1s necessary for separating the side walls of
the electronic elements. Thereafter, they are separated by
mechanical pressure so that the terminals are separated from
the adjacent electronic element. A disadvantage of this
technique 1s that the terminals of the adjacent chips are out
of line. Therefore, different types of chips are formed on the
same waler which leads to difficulties 1n the mounting
process of the chips. Further, the combined sawing and
pressure process 15 less precise and reliable than desired,
since terminals can be easily damaged via the sawing
process, requiring material to remain between elements.

Accordingly, 1t 1s highly desirable to obtain a process for
producing electronic devices having conductive terminals
via which the electronic devices can be better connected to
external arrangements.

SUMMARY OF THE INVENTION

This object 1s attained by a process wherein a conductive
contact layer 1s deposited and so patterned that conductive
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terminals extend from the front side of the semiconductor
waler over at least part of the cross section of the patterned
separation regions, wherein the terminals are bared by
removing material from the semiconductor wafer in the
separation regions starting from the backside of the semi-
conductor wafer, and wherein the terminals of adjacent
clectronic devices are separated from each other. This pro-
cess 1s advantageous 1n that the material 1s removed 1n the
whole separation region, whereby the terminals are bared,
and also 1n that the shape and length of the terminals are
determined by the structure of the separation regions.

With the process according to the invention, electronic
devices are fabricated with conductive terminals which
extend from the front side along the side faces of the devices
and have exposed ends. Via these terminals, the respective
clectronic device can be ecasily connected to an external
arrangement. Since the terminals can be formed indepen-
dently of the interconnection tracks on the electronic
devices, their thickness can be chosen independently of the
requirements placed on the interconnection tracks, so that a
suitable thickness can be chosen for the contacting. Note that
the terminals extend at most to the adjacent electronic
clement, which means that there 1s no overlap between the
terminals and the adjacent electronic elements.

Simultaneously with the removal of the material in the
separation regions, material can be removed from the back-
side of the semiconductor wafer. The terminals then protrude
on the backside of the electronic device and may be of
different designs. For example, they can be used as pins
which provide support for the electronic device.

The removal of material of the semiconductor wafer 1s
preferably done by etching. If the wafer 1s etched starting
from the backside, the terminals can be exposed without
being damaged. Depending on the structure of the separation
regions, the backside of the waler can be covered with a
retardation layer which has a lower etch rate than the
material of the wafer. In this retardation layer, openings are
formed 1n those areas where the material of the wafer 1s to
be removed at a greater rate. These are usually located 1n the
separation regions. The thickness and the retardation rate of
the retardation layer are chosen in accordance with the
desired final thickness of the electronic devices, the thick-
ness of the material to be removed 1n the separation regions,
and the etch rate of this material.

In a further embodiment of the invention, the material of
the semiconductor water 1s removed at a rate which has at
least one gradient along the backside of the electronic
devices, so that the backside of the electronic devices 1s
inclined to their front side. This 1s particularly advantageous
in sensor applications, since the sensor backside 1s usually
parallel to a plane containing the mounting platform, so that
the sensor surface can be inclined to the mounting platform.

The conductive contact layer may comprise electrically
conductive, thermally conductive, or light-conductive mate-
rial. Accordingly, the conductive terminals are used for an
electric connection, for heat removal, or for the connection
of an optical fiber or of a combination of different terminals.
In the case of electric terminals, connections can be made by
adhesive bonding, compression, soldering, or similar meth-
ods. Thus, no conventional bonding or flip-chip process is
necessary. The electronic devices can be made very thin,
since they are not exposed to any major mechanical loads
during contacting. No separate terminals are necessary on
the electronic devices, since the terminals extending on the
front side can start from an area or a conductive track to be
contacted. Further, there are no restrictions on the contact
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materials as are imposed by conventional contacting meth-
ods. In addition, no bonding wires have to be used. The cross
section of the terminals and of the leads to the terminals can
thus be chosen appropriately for the respective application
without the latter being limited by the contacting method.
The front side of the electronic devices 1s freely accessible,
so that sensor pads can be applied there. The conductive
contact layer may comprise different, successive layers.

The bared contact terminals can advantageously be
treated by a thermal, chemical, or mechanical process. One
example of a thermal treatment 1s laser cutting. With a laser
beam, a one-piece contact associated with two adjacent
electronic devices can be separated. It 1s also possible to heat
the end of the terminal with a laser to form a drop-shaped
terminal end, which 1s easier to contact. The bared terminals
may be reinforced, particularly by electroplating. This
increases the stability of the terminals, so that the latter can
be subjected to greater stress. The bared terminals can then
be treated, for example bent.

In a preferred embodiment of the invention, contact 1s
made to the active regions through the conductive contact
layer, with the contact layer being deposited on an insulator
layer formed on the front side of the semiconductor wafer
and having openings for contacting the active regions, and
patterned. This 1s particularly advantageous 1n the case of an
clectrically conductive contact layer, because the conductive
terminals extending outwardly from the electronic device
can then be produced simultancously with the deposition
and patterning of the layer required to contact the active
regions of the electronic devices. Adjacent terminals can be
separated during the patterning of the contact layer.

Advantageously, the spatial pattern of the separation
regions comprises a depression or elevation along the cross
section. Forming an elevation along the cross section of the
separation regions 1s advantageous 1f the terminals are to be
clevated as seen from the surface of the electronic devices.
In that case 1t 1s necessary to provide a retardation layer
below the electronic devices 1 order to achieve a predeter-
mined thickness of the electronic devices. The shape of the
depression and the elevation can be chosen depending on the
desired shape of the terminals and on their length. If a
depression 1s formed 1n the separation regions, i1t may have
at least one elevation. Conversely, a depression may be
formed 1n an elevation. This makes 1t possible to produce
terminals having a greater length. The conductive contact
layer may be patterned such that a separation 1s provided 1n
the patterned separation regions. Thus, the terminals asso-
ciated with adjacent electronic devices are formed separately
during patterning.

The maximum depth of the spatial pattern of the separa-
fion regions may be chosen in accordance with the desired
final thickness of the electronic devices. The maximum
thickness of the electronic devices 1s determined by the fact
that during removal of the material, the conductive terminals
are exposed. By providing suitably arranged retardation
layers, the removal of material on the backside of the
clectronic devices and 1n the separation regions can be
performed at different rates.

Adjacent electronic devices may be displaced 1n relation
to one another 1n a horizontal plane of the semiconductor
walfer, and the conductive terminals associated with an
electronic device may extend along the entire cross section
of the patterned separation region. In this manner, longer
terminals can be produced without the need to form a
broader or deeper or higher structure 1n the separation
region.
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If depressions were formed 1n the separation regions, they
can be filled with a material different from that of the
terminals, preferably with an insulator, and the front side can
be provided with a layer of this material, so that the front
side of the electronic devices 1s protected. In addition, the
mutually 1solated electronic devices are held together in the
waler array, so that further treatment of the electronic
devices 1s possible while the devices are still on the wafer.
The material can also be deposited on the backside of the
waler or of the electronic devices, so that the entire elec-
tronic device 1s surrounded by the material. This can serve
to provide 1solation and protection for the electronic devices.
The backside 1s not provided with this material until the
material of the wafer has been removed to the desired final
thickness of the electronic devices. The material deposited
on the front side and filled 1nto the separation regions must
not yet have been separated completely, so that the elec-
tronic devices of a wafer are held together. The deposition of
material on the front side and the backside of the wafer can
take place simultaneously. For this, use can be made of a
mold which can be disposed in the depressions and in the
separation regions 1n such a way that the regions will not be
filled with the material. This prevents the terminals from
being passivated.

Advantageously, the electronic devices held together by
the material deposited on the front side and 1n the separation
regions can be tested and marked while still on the wafer.

The marks are applied to those electronic devices which are
to be discarded.

BRIEF DESCRIPTION OF THE DRAWINGS

The mnvention will now be explained 1n more detail with
reference to the accompanying drawings, in which:

FIGS. 1 to 3 are cross sections of electronic devices after
different steps of the process according to the invention;

FIGS. 4 and 5 are cross sections of electronic devices
fabricated according to another embodiment of the inventive
Process;

FIG. 6a 1s a top view of electronic devices 1n a semicon-
ductor wafer;

FIG. 6b shows an enlarged detail from FIG. 6a; and

FIGS. 7 and 8 are cross sections of electronic devices
fabricated according to a further embodiment of the 1mnven-
five process.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a part of a semiconductor wafer in a
cross-sectional view. Portions of two electronic devices 1 to
be produced from the wafer are shown. On the front side of
the semiconductor wafer, active regions 2 for the electronic
devices 1 are formed. Separation regions 3 are provided for
separating the electronic devices 1. In the separation regions,
a depression 4 1s formed with respect to a plane through the
front side of the semiconductor wafer. The front side of the
semiconductor wafer 1s covered by an insulator layer §
which has windows 6 for contacting the active regions 2.
The 1nsulator layer 5 1s also provided in the depression 4 of
the separation region 3. In this embodiment, the semicon-

ductor water 1s a silicon wafer, and the insulator layer is
made of silicon oxide or silicon nitride.

As shown 1n FIG. 2, an electrically conductive contact
layer 7 1s deposited on the front side of the semiconductor
waler of FIG. 1. The contact layer 7 1s patterned 1n such a
way that openings 8 are formed between active regions 2 not
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to be interconnected, and that terminals 9 are obtained which
extend from the front side of the water along the cross
section of the depression 4. In the lower area of the
depression, a separation 10 1s provided 1n the contact layer
7, so that the terminals 9 of the adjacent electronic devices
1 are electrically separated from each other. The contact
layer 7 may consist of different, successive layers, and may
include electrically conductive, thermally conductive, or
light-conductive material.

As shown 1mn FIG. 3, material 1s removed from the
backside of the semiconductor water of FIG. 2 to bare the
terminals 9, with the terminals 9 of adjacent electronic
devices 1 being separated from each other and the backside
of the wafer or of the electronic devices 1 being thinned.
After the thinning process, the now exposed layer 5 1s
removed 1n the separation region 3 in a separate etching step
without the backside of the electronic devices 1 and the
contact layer 7 being appreciably changed. The removal of
the material of the semiconductor water 1s done by etching,
so that the terminals 9 will not be damaged when being
bared. The exposed terminals 9 can be treated by a thermal,
chemical, or mechanical process. They can be reinforced by
clectroplating, for example.

The maximum depth of the depression 4 1n the separation
region 3 1s chosen 1n accordance with the final thickness of
the electronic devices 1 and the length of the terminals 9.

FIG. 4 shows an embodiment of the process according to
the mvention 1n which, starting from FIG. 2, the front side
of the semiconductor wafer 1s covered by a layer 11 of a
material which 1s different from the material of the contact
layer 7, and, in the preferred embodiment, comprises an
insulator. Layer 11 also covers and fills the depression 4. The
backside of the wafer 1s covered by a retardation layer 12
which has an opening 13 1n the separation region 3. As a
result, the material 1n the area of the retardation layer 12 1s
removed at a slower rate than that in the separation region
3, so that a predetermined thickness of the electronic device
1 1s maintained. After the layer 5 has been removed 1n the
separation region 3, the electronic devices 1 are separated
from each other through the separation 10.

FIG. 5§ shows electronic devices 1 1n a water array. Their
front side 1s covered by the layer 11, and their thinned
backside 1s covered by a layer 11a made of the same material
as the layer 11. Molds 15 and 154 are disposed in the
separation region 3 and in the depression 4 between the
clectronic devices 1 which prevent the terminals 9 from
being covered by the materials of the layers 11 and 1la.
Corresponding molds are provided in the other depressions
and separation regions between further electronic devices 1
of the semiconductor wafer.

FIG. 6a shows a top view of the water 16 1n which the
electronic devices 1 are interconnected. In this embodiment,
the electronic devices are staggered with respect to each
other 1n rows. Those sides of the electronic devices from
which the terminals 9 project are displaced parallel to each
other, such that the terminals 9 of facing devices do not lie
opposite each other.

FIG. 6b shows an enlarged detail A of FIG. 6a. In this
embodiment, the terminals 9 of an electronic device extend
over the enfire cross section of the depression 4 in the
separation regions 3. No separation 10 1s provided 1n the
central area of the depression 4 between the terminals 9, but
the terminals 9 extend over nearly the entire cross section of
the depression 4. In this manner, considerably longer termi-
nals 9 can be formed. The electronic devices 1 can be tested
while they are still on the water shown 1n FIG. 6a.
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In the embodiment shown 1 FIG. 7, a retardation layer 1s
deposited which 1s so constituted that the removal of the
material of the semiconductor wafer takes place at a rate
which exhibits a gradient along the wafer cross section or the
cross section of the electronic devices 1. The gradient-like
retardation of the removal of the wafer material results in
clectronic devices 1 whose backside 1s inclined to the front
side. These electronic devices 1 are especially suited for use
as sensor devices. They are mounted on a flat mounting plate
with their backside, so that their front side 1s inclined to the
plane of the mounting plate. From the same wafer, electronic
devices 1 with different angles of inclination between the
backside and the front side of the electronic devices 1 can be
formed. Thus, sensors with differently inclined front sides
can be mounted on a flat mounting plate. The sensor surface
1s on the front side; 1n the embodiment shown, 1t 1s formed
by an active region 2. If contact 1s made to the sensor devices
with the terminals 9 on a mounting base, the front side of the
sensor devices, and thus the sensor surface, 1s easily acces-
sible for signal extraction.

It should be understood that a person skilled 1n the art may
make many variations and modifications to the embodi-
ments described herein utilizing functionally equivalent
clements to those described. Any and all such variations or
modifications as well as others which may become apparent
to those skilled 1n the art, are intended to be 1ncluded within
the scope of the invention as defined by the appended
claims.

What 1s claimed 1s:

1. A process for producing electronic devices from a
semiconductor wafer having active region for the electronic
devices on a front side and separation regions for separating
the electronic devices, the separation regions being pat-
terned near the front side of the semiconductor wafer,
comprising;:

depositing a conductive contact layer on said semicon-

ductor wafer and patterning said conductive layer to
form conductive terminals extending from the front
side of the semiconductor wafer over at least part of the
cross section of the patterned separation regions, each
said terminal extending at most to the adjacent elec-
tronic device such that no overlap exists between said
terminal and said adjacent electronic device; and

removing material from the semiconductor wafer 1n the
separation regions starting from the backside of the
semiconductor wafter to bare said terminals, wherein
the step of removing said materials to bear said termi-
nals separates adjacent electronic devices.

2. The process according to claim 1, wherein the step of
removing material from the backside of the semiconductor
waler occurs simultaneously with the removal of the mate-
rial 1in the separation regions.

3. The process according to claim 1, wherein the step of
removing the material of the semiconductor water comprises
ctching.

4. The process according to claim 1, wherein the step of
removing the material of the semiconductor water on the
backside of the electronic devices 1s done with at least one
oradient, so that the backside of the electronic devices is
inclined to their front side.

5. The process according to claim 1, wherein the conduc-
five contact layer comprises an electrically conductive,
thermally conductive, or light-conductive material.

6. The process according to claim §, wherein the conduc-
tive contact layer comprises different, successive layers.

7. The process according to claim 1, further comprising,
treating the bared terminals by a thermal, chemical, or
mechanical process.
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8. The process according to claim 1, further comprising,
reinforcing said bared terminals by electroplating.

9. The process according to claim 1, further comprising
bending the bared terminals so as to extend essentially
parallel to an associated side face of the electronic device.

10. The process according to claim 1, further comprising
depositing an 1nsulator layer between said contact layer and
sald semiconductor wafer, wherein contact 1s made to the
active regions through the conductive contact layer, with the
contact layer being deposited said insulator layer formed on
the front side of the semiconductor wafer and having win-
dows for contacting the active regions, said contact layer
being patterned 1n such a way that a respective opening 1s
formed between regions not to be interconnected.

11. The process according to claim 1, wherein the spatial
pattern of the separation regions comprises a depression
and/or an elevation along the cross section.

12. The process according to claim 11, wherein said
depression has at least one elevation along the cross section.

13. The process according to claim 1, wherein the maxi-
mum depth of the spatial pattern of the separation regions
dependent upon the thickness of the electronic devices.

14. The process according to claim 1, wherein adjacent
electronic devices are displaced 1n relation to one another in
a horizontal plane of the semiconductor water, and wherein
the respective conductive terminals associated with an elec-
tronic device extend along the enfire cross section of the
patterned separation region.

15. The process according to claim 11, further comprising
the step of depositing a layer of a material different from that
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of the terminals on the front side of the semiconductor wafer,
and wherein said layer fills said depressions.

16. The process according to claim 15, wherein two layers
of said material are simultancously deposited on the front
side outside the depressions and on the backside outside the
separation region, respectively.

17. The process according to claim 15, wherein the coated
clectronic devices are tested on the wafer and marked
according to the result of the test.

18. The process according to claim 15, wherein said layer
of material comprises an 1nsulator.

19. A method for forming electronic devices from a
semiconductor wafer having a plurality of active regions
formed on a front-side thereof, an oppositely disposed
rear-side, and separation regions for separating the elec-

tronic devices, said method comprising the steps of:

depositing a conductive layer on said front-side of said
semiconductor wafer;

patterning said conductive layer to form contact terminals
cach at least partially extending over one of said
separation regions, each said terminal extending at
most to an adjacent electronic device such that no
overlap exists between said terminal and an adjacent
electronic device; and

removing material from the semiconductor wafer in the
separation regions starting from the rear-side of the
semiconductor wafer to simultaneously bare said ter-
minals and separate adjacent electronic devices.
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